In order to realize the on-line detection of the pantograph slide wear when the locomotive is put into storage, the technology of the pantograph wear detection based on FPGA is proposed. Using the high-speed features of FPGA algorithm processing, the image processing algorithm is integrated into hardware description language to accelerate image processing. Firstly, the pantograph is captured by the detecting device to obtain the target image of the pantograph; Then, the image is denoised and enhanced by the steps of mean filtering and histogram equalization in the pantograph image; Third, combined with wavelet denoising and adaptive Canny edge detection, the edge of the pantograph is detected and the lower edge of the skateboard is calibrated by Hough transform, and the wear value of the skateboard is calculated. The experimental results show that the image-based pantograph wear detection method can effectively detect the edge of the skateboard and obtain the maximum wear of the skateboard, and realize the on-line detection of the pantograph slide. 
INTRODUCTION
The train pantograph is the connection link between the locomotive (moving car) and the contact net, and its performance will affect the stability of the train work. Therefore, the pantograph slide is the object to be monitored.
The main methods at home and abroad include manual detection, ultrasonic detection, image detection and laser detection. When the workers are in maintenance, the train needs to be parked in the garage and the power is cut off [1] . When the ultrasonic inspection method is used to detect the abrasion of the skateboard, calculate the thickness of the skateboard wear by the time of ultrasonic transmission, reception and propagation speed [2] . The laser detection method uses a high-precision laser scanning sensor and a high-speed 3D camera to detect the pantograph. The system can measure the wear of the pantograph slide [3] . The image detection method collects the side view and the top view of the pantograph by using a CCD camera, and the side view is mainly used to detect the wear condition of the pantograph slide, and the top view is mainly used to check the state of the bow head [4] . The disadvantage of manual detection is that the train needs to be powered off and down, and multiple maintenance personnel are required to cooperate with each other. The disadvantage of ultrasonic testing is that the working distance of the ultrasonic wave is limited and easily interfered by electronic equipment. Image detection technology can simultaneously detect multiple arched components with a single device, and the device is highly intelligent.
In summary, in this paper, a visual measurement of the pantograph wear detection system is designed for the problem of pantograph slide wear detection. The pantograph image taken by the industrial camera is analyzed and processed, and the image processing technology is used to judge whether the pantograph slide wear exceeds the limit, and then the problem of the pantograph is pre-warned.
SYSTEM DESIGN
The pantograph detection system is set on the storage line, and the detection device is installed in the factory shed area. The detection system mainly includes hardware such as a car number recognition unit, a photoelectric sensor, an axle sensor, a flash lamp, and a camera group. The top view of the inspection system is shown in Figure 1 . The detection principle is: When the axle sensor detects the arrival signal of the locomotive, the power of the vehicle identification unit, camera group and fill light will be turned on. After the number recognition unit receives the decoded information of the train, and then transmitted to the remote control center. When the train enters the factory shed and passes the photoelectric sensor, the photoelectric sensor is triggered, and the front end of the pantograph slides into the image acquisition area, and the system sends an external trigger signal to the camera group to start the collection of the target image. When the train leaves the factory, the photoelectric sensor is triggered, the train receives the target image by the rear slide of the pantograph, and the camera group starts the collection of the target image. When the train leaves the factory, the axle signal is sent by the axle sensor, and the power of the vehicle identification unit, camera group, etc. is turned off, and the equipment is restored to the initial state. The imaging device uses an industrial digital camera with a resolution of 2448 pixels × 2050 pixels. The initial thickness of the slide is 10 mm and 40 mm, and the thickness is 3 mm and 25 mm. The image of the pantograph taken by the camera is transmitted back to the monitoring end, and the information of the skateboard is extracted by the image processing method to determine whether it has a wear limit or the like.
PANTOGRAPH SKATEBOARD WEAR DETECTION

Image Preprocessing
During the operation of the pantograph fault monitoring system, the target image will introduce interference during the process of receiving, transmitting and processing. In order to increase the contrast of the image, the histogram equalization algorithm is used to enhance the image. The basic content of the histogram equalization algorithm: It is assumed that the variables r and s represent the gray levels of the pixels of the original image and the enhanced image, respectively, and the probability distributions of the corresponding gray levels are respectively represented by ) (r P r and ) (s P s . The essence of image histogram equalization is to find a gray-scale transformation function ) ( f so that the transformed gray value is ) (r f s  [5] . The steps for processing the pantograph image using histogram equalization are as follows:
(1)Count the number of pixels
of each gray level of the input pantograph image, where L represents the total number of levels of pixel gray; The probability density of the gray level of each pixel of the pantograph image is calculated as shown in the formula (1), where n represents the total number of pixels of the input image. (1) (2) Calculate the cumulative distribution function, and the calculation formula is as shown in equation (2). , INT means taking an integer operation.
(4) According to the relationship between r and s, the input image is modified according to the function relationship, so that the image histogram is approximately distributed.
Skateboard Edge Detection
Using adaptive canny edge detection method [6] , the edge detection step of the adaptive canny algorithm combined with wavelet denoising is shown:
(1) Wavelet denoising Wavelet denoising is the transformation of an image from a wavelet to a wavelet domain. By setting a threshold and comparing the wavelet coefficients with the threshold size to determine whether the pixel is noise.
(2) Gradient calculation The magnitude and direction of the gradient of each pixel are calculated by the mathematical partial derivative. The amplitude of the pixel gradient is obtained by using the finite difference of the first-order partial derivative of the x -direction, the y -direction, the , and the amplitude and direction angle calculation formula is as shown in equation (4) 
(3) Non-maximum suppression of the calculated gradient values In order to locate the edges more accurately, the gradient ridge belt must be refined to preserve the portion of the amplitude that varies locally. ; the second is statistics. When the value of  is greater than the set threshold, the shortest straight line distance can be found. When calculating the wear of the pantograph slide, it is only necessary to traverse the image and obtain the maximum distance from the white pixel point to the lower edge of the pantograph slide, so that the maximum value of the pantograph slide wear can be obtained. 
FPGA Processing Pantograph Image
The programmable logic device FPGA is used to achieve the acquisition, transmission and related processing of the target image. Pantograph image processing includes image preprocessing (enhancement and filtering), edge detection, mathematical morphology methods, and line detection algorithms. The XILINX Company provides an OpenCV library that can be integrated into a hardware description language to speed up image processing. The image algorithm accelerated processing results are shown in Figure 2 .
WEAR DETECTIONAND EXPERIMENTAL ANALYSIS
Analysis of the Edge Detection Effect of Skateboard
The remaining methods do not meet the requirements for edge detection required for skateboard inspection. In this paper, combined with wavelet denoising and adaptive canny edge detection algorithm, a clear pantograph edge detection effect can be obtained. The effect diagram is shown in Figure 3 . 
Skateboard Edge Detection Results
Under the influence of the actual train detection and the installation position of the camera, the contact wire and our skateboard are at a certain angle. The end points of the straight line after the Pantograph Hough transform are shown in Table   Ⅰ .
After the Hough transform of the pantograph, the lower edge of the pantograph is determined by the detected slope of the straight line, and the straight line equation of the lower edge is obtained according to the two endpoints detected by the straight line as shown in formula (8):
After the line is determined by the point, the lower edge of the pantograph slide is drawn in the figure as shown in Figure4.
When shooting with the camera, the resolution and the parameters determined by the relevant parameters are proportional to the actual length. Finally, the maximum wear of the pantograph slide in this paper is 11.5mm, and the minimum remaining thickness is 28.5mm. The wear limit of the pantograph slide is 25mm, and the pantograph is still in the normal use range. 
CONCLUSIONS
The image-based pantograph slide detection can directly reflect the wear level of the skateboard. Compared with manual measurement, sensor measurement and other detection methods, it can save a lot of manpower and material resources and avoid the occurrence of safety accidents. In this paper, the technology of pantograph skater wear detection is studied, and the on-line detection of pantograph skateboard wear based on FPGA image processing is proposed. Through the image of the pantograph obtained by the industrial camera, the image pre-processing, image edge detection, and calibration of the lower edge of the skateboard are performed to finally determine the wear of the pantograph slide and determine whether the slide is faulty.
